segregation in cancer cells, raising the question of how and why oocytes rely upon a potentially less reliable spindle for segregation. Identifying and characterizing how oocytes address the considerable challenge of assembling a bipolar, highly organized array of microtubules in the absence of centrioles is a major open question in the field of chromosome segregation.
The small nematode worm, C. elegans, provides a genetically and visually tractable system to interrogate the control of meiotic chromosome segregation during oogenesis. Several labs have contributed to our understanding of spindle assembly during C. elegans oogenesis (see review in [5] , e.g., [6] [7] [8] [9] [10] [11] ). These studies have identified activities that sort and organize microtubules to promote spindle bipolarity, factors that bundle microtubules to generate a durable structure, and proteins that stabilize microtubules to promote both proper chromosome alignment during metaphase and segregation during anaphase. However, how these individual behaviors are coordinated with one another and with progression through the meiotic cell cycle is unknown.
Meiotic acentriolar spindle assembly in C. elegans occurs in a progressive fashion. After nuclear envelope breakdown, microtubules bundle to form a cage-like structure that surrounds meiotic chromosomes [10] . The microtubules are sorted so that multipolar spindles, with minus ends at the periphery, are visible. These multiple poles subsequently coalesce into the stereotypical bipolar structure in metaphase and segregate chromosomes during anaphase [7] . Mullen and Wignall identified two redundant members of a conserved family of minusend directed motor proteins, KLP-15 and KLP-16, that were required early in the acentriolar spindle assembly process [1] . In their absence, microtubules assemble into the cage-like structure but fail to stabilize and bundle, resulting in a collapsed, disorganized spindle. Remarkably, loss of KLP-15 and KLP-16 results in collapsed spindles only during acentriolar spindle formation and not during the centriolar spindle formation of mitotic divisions, suggesting that these motor proteins are only essential in cells that lack centrioles.
An obvious prediction of these experiments might be that the collapsed spindles cannot support chromosome segregation. However, Mullen and Wignall were surprised to observe that despite substantial defects in spindle assembly when KLP-15/16 were knocked down, oocytes were able to eventually bundle and organize microtubules to segregate chromosomes in anaphase, albeit inaccurately. These thorough and meticulous observations suggested that other, redundant mechanisms can drive microtubule bundling and chromosome segregation in anaphase. After screening several candidates based on their mitotic centriolar spindle function and localization along the meiotic spindle, the authors discovered previously unknown roles for the microtubule bundling protein SPD-1 and the kinesin-12 family motor protein KLP-18. Specifically, in the absence of KLP-15/16, SPD-1 bundled and KLP-18 organized microtubules later during anaphase to support chromosome segregation. While a similar sorting activity had previously been assigned to KLP-18 during spindle assembly [7, 10, 12] , a role in sorting during anaphase could only be detected in a sensitized KLP-15/16 knockdown system. Similarly, a role for SPD-1 in acentriolar chromosome segregation could not be appreciated when KLP-15 and KLP-16 successfully promote microtubule bundling during spindle assembly.
Overall, by carefully analyzing their phenotypes, the results from Mullen and Wignall revealed that multiple microtubule motor proteins coordinate their activity to promote acentriolar spindle assembly and chromosome segregation during oocyte meiosis. These elegant experiments highlight two important lessons in biological research: 1) the requirement for individual factors to coordinate their specific activities to generate large macromolecular machines, such as the spindle, and 2) the contribution of redundancy to promote the robustness of complex cell behaviors.
